this experience. Importantly, these articles do not summarize the findings of the NCA3 report itself, but move beyond them to provide insights about the assessment process and outcomes.
Background on US national climate assessments
Assessments can be useful at multiple scales, from resolving specific scientific issues to broadly integrating a wide range of sources of knowledge. Climate assessments often include consideration of underlying social, economic, and environmental systems as well as projections of trends in climate-related drivers in complex systems. However, in the case of US national assessments, they also serve as the basis for regulation, policy, and decisions about how to manage risks, which means that they must be conducted with extreme care in order to avoid costly errors.
The 1990 Global Change Research Act established the U.S. Global Change Research Program (USGCRP) and included a requirement that a global change assessment be completed at least every four years that integrates, evaluates, and assesses the state of knowledge of current and projected future impacts.
1 Despite the Bat least every 4-years^requirement, only two National Climate Assessments 2 were conducted between 1990 and 2009. There are a variety of reasons why these reports were not completed in a more timely manner, but an important one is that a great deal of infrastructure and social capital is required to conduct assessments properly, given the need to engage stakeholders and external experts in order to meet legal requirements. The federal government does not have the capacity to assess current and projected climate impacts within all of the required sectors without the assistance of external participants. Nor would an assessment conducted entirely within the federal government be as readily acceptable or useful to stakeholders across the US. Importantly, USGCRP has not historically maintained a staff to support timely completion of assessment reports. Rather, new infrastructure and capacity for conducting assessments have been built up each time to support each of the three NCA efforts (for more detail, see Buizer et al. 2015, this issue) .
Multiple other large-scale international assessments of research on the implications of global environmental changes have been conducted over the last decades, including the Arctic Assessment (Arctic Council 2005), the Millennium Ecosystem Assessment (2005) , and the Ozone Assessments (World Meteorological Organization 2010) . In 2007, the National Research Council issued a report that evaluated the lessons learned across this wide array of assessment activities. The findings of this report were highly influential in the development of the strategy for the NCA3; its recommendations were explicitly considered for its process and products and are reproduced in Textbox 1:
Textbox 1: Essential Elements of Effective Assessments
• A clear strategic framing of the assessment process, including a well-articulated mandate, realistic goals consistent with the needs of decision makers, and a detailed implementation plan.
• Adequate funding that is both commensurate with the mandate and effectively managed to ensure an efficient assessment process.
• A balance between the benefits of a particular assessment and the opportunity costs (e.g., commitments of time and effort) to the scientific community.
• A timeline consistent with assessment objectives, the state of the underlying knowledge base, the resources available, and the needs of decision makers.
• Engagement and commitment of interested and affected parties, with a transparent science-policy interface and effective communication throughout the process.
• Strong leadership and an organizational structure in which responsibilities are well articulated.
• Careful design of interdisciplinary efforts to ensure integration, with specific reference to the assessment's purpose, users' needs, and available resources.
• Realistic and credible treatment of uncertainties.
• An independent review process monitored by a balanced panel of review editors.
• Maximizing the benefits of the assessment by developing tools to support use of assessment results in decision making at differing geographic scales and decision levels.
• Use of a nested assessment approach, when appropriate, using analysis of large-scale trends and identification of priority issues as the context for focused, smaller-scale impacts and response assessments at the regional or local level.
Source: NRC (2007). Analysis of Global Change Assessments: Lessons Learned (http:// books.nap.edu/catalog.php?record_id=11868) NCA3 was explicitly designed to address some shortcomings of previous assessments as well as to benefit from the lessons learned in National Research Council studies, including the America's Climate Choices series (NRC 2010a (NRC , b, c, d, 2011 . Some of the more salient criticisms of these previous assessments focused on the limited utility of the material produced for Breal-world^contexts and the failure to truly connect with the American public. The NCA3 was also very much influenced by the Obama administration's strong focus on decisionrelevance, transparency, and planning for resilience, and by the 2012 Strategic Plan of the US Global Change Research Program (USGCRP 2012). That plan included BInforming Decisions^BSustain Assessments^and BCommunicate and Educate^as pillars of the research program, in addition to BAdvance Science;^the latter had traditionally been the primary focus of USGCRP's 13-agency science effort. This represented a major shift in policy toward Bactionable^science in addition to fundamental climate science research conducted under the auspices of the USGCRP and established a firm foundation for the NCA3's engagement strategy (see, Cloyd et al. 2015, this issue) .
Another criticism of previous climate assessments was the burden placed on the scientific community from major efforts, such as the every-six-year IPCC assessment reports and previous US national assessments. The thousands of scientists and other experts who contribute to IPCC and the NCA work as volunteers, with a number of important repercussions. This dependence on volunteers affects the potential pool of available participants and the enthusiasm of the people involved, because it means that many of the same people are tapped for these processes time after time (NRC 2007) . The lack of funding and other support for assessment activities continues to plague the NCA assessment process, and was a serious issue within the NCA3. The use of professional NCA staff to provide a much higher level of support for author teams in NCA3 successfully alleviated some (but certainly not all) concerns about the burden on authors. However, through a more strategic and sustained effort, the burden on the scientific community could be further reduced (Buizer et al. 2015, this issue) .
Overview of contributions to this special issue
This special issue explores the NCA3 as compared with previous assessments from both process and content perspectives. Among the NCA3's important contributions are its emphasis on interdisciplinary learning and the introduction of an engagement strategy that brought hundreds of public and private sector contributors and stakeholders into the assessment community. The NCA3 also included an explicit focus on building sustained assessment capacity, an adaptive approach to managing assessments, and analyzing both the impacts of climate on cross-sectoral systems and the intertwined and cascading effects across sectors. Many new lessons were learned within these efforts and they are discussed in detail in this issue. The first set of articles in this issue describe these NCA3 innovations in some detail. Building Community, Credibility and Knowledge: the Third US National Climate Assessment (Jacobs and Buizer 2015, this issue), includes a broad discussion of the role of assessments in general and the NCA3 in particular in framing our understanding of change. The next two papers delve further into process innovations.
Building a Sustained Assessment Process , this issue) discusses the rationale for building the infrastructure and capacity for ongoing assessment activities that support a wide range of research and application goals. It provides insights beyond those included in a special report on this topic that was delivered to the USGCRP by the federal advisory committee for the NCA3: Preparing the Nation for Change: Building a Sustained National Climate Assessment Process (Buizer et al. 2013) .
Engagement in the Third U.S. National Climate Assessment, by Cloyd et al. (2015, this issue) describes both the motivation and the approach used in the NCA3 to build a broad assessment community of scientists, contributors, and stakeholders in regions and sectors across the U.S. Partly because of the broad interest by the public, private, and nongovernmental sectors in the activities and conclusions of the assessment, and partly because of the high degree of scrutiny of the process, the entire NCA3 effort was built in the context of balancing the interests of multiple kinds of decision-makers, scientists, and government agencies. A key goal of these engagement efforts was to develop active partnerships that could bring relevant information to the assessment and communicate its findings to audiences and decision-makers across sectors and regions. The authors argue that these partnerships are an essential part of building a sustained assessment process. As many assessment leaders and observers have learned over the past two decades or more, in order for assessment findings to be truly useful from a decision-maker's perspective, the decision-makers themselves need to be part of the process.
The second set of papers focuses on innovations in the assessment process itself that were intended to build assessment capacity over time. To do so, considerable investments were made in producing consistent climate histories and future projections for each of eight US regions and a national set of sea-level-rise projections to allow for comparisons across the nation and to integrate regions and sectors within a common Brisk management^framework. Kunkel and colleagues, in their paper, Innovations in Science and Scenarios for Assessment (2015, this issue), describe the intent, process, and challenges in doing so. To make such climate histories and projections accessible for impact assessors as well as for downstream users of such information, a significant effort was undertaken during the NCA3 to invest in data management and accessibility, as described by Waple et al. (2016, this issue) in Innovations in Information Management and Access for Assessments. This article describes the ongoing efforts of the federal agencies to build a global change information system and to provide transparent access to the data behind each of the major conclusions of the NCA3. The third comprehensive investment in sustained assessment capacity by federal agencies was the development (still ongoing) of an integrated set of national indicators of change across social, physical, and ecological systems and of adaptive responses as described by Kenney and colleagues in Building an Integrated National Climate Indicators System (2016, this issue).
The NCA3 also stands out for its considerable effort to integrate across sectors, disciplines, practitioner perspectives and different forms of knowledge systems. Various illustrations of this approach to assessing risk and the status of adaptive responses are provided in the next three articles: first, assessing ecosystem impacts and services in Climate Change Impacts on Ecosystems and Ecosystem Services in the United States (Grimm et al. 2015, this issue) ; the implications of climate change on indigenous peoples and their lands and traditional cultural resources in Engagement with Indigenous Peoples and Honoring Traditional Knowledge Systems (Maldonado et al. 2015, this issue) ; and the integrated social, physical and ecological implications of climate change in coastal areas in The Third National Climate Assessment's Coastal Chapter (Moser and Davidson 2015, this issue) . Each author team in this set pursued a different path to the goal of providing new insights on the complexities of climate change impacts in the Breal world.^The collective lessons learned are useful in putting together future assessment teams, designing and supporting assessments, and for connecting these assessments to adaptation processes both within the US and internationally.
Specifically on the question of how assessments should be framed to elevate their decisionrelevance and increase their ability to support decisions, Moss (2015, this issue) describes in Assessing Decision Support Systems and Levels of Confidence to Narrow the Climate Information BUsability Gap^how important, and yet how difficult it was for NCA3 to improve on past approaches and conventions for assessing scientific confidence and uncertainty. The article makes a strong case for why sustained assessment capacity needs to be built, and why learning from ongoing decision-support efforts, successes, and failures, must be an integral part in improving assessments over time. The article also reviews challenges and approaches for characterizing uncertainties and communicating confidence of lead authors in findings based on the best available-but still incomplete-scientific evidence.
A critical reason for ongoing assessment of the state of knowledge is that both the climate and our understanding of the mechanisms of change are evolving. It is important to evaluate how assessments can support adaptation and adaptive management by taking the perspective of decision-makers who are working toward more resilient systems. In BInnovations in Assessment and Adaptation,^Howden and Jacobs (2015, this issue) explore different aspects of the adaptation process and their respective information needs, and suggest some paths forward in building future assessments that address particularly challenging aspects of adaptation.
Finally, the Liverman article (2015, this issue), U.S. National Climate Assessment Gaps and Research Needs, discusses critical areas for improving the underlying science foundation for future assessments. The paper does not delineate the typical wish list of research needs from across all common climate science subfields. Rather, it brings into focus two particularly important gaps in knowledge that both limit the understanding of key future vulnerabilities of the US and could undermine adequate preparedness efforts. They are: (a) the need to identify and characterize international linkages that can either amplify or attenuate locally experienced climate risks, and (b) the significant lack of understanding of climate change impacts on the biggest sectors of the economy (such as manufacturing or service industries), as opposed to focusing only on some of the most climate-sensitive sectors (such as agriculture).
In the concluding paper for this special issue, Aspirations and Common Tensions: Larger Lessons from the US National Climate Assessment, Moser et al. (2015, this issue) synthesize high-level, integrative lessons from the NCA3, based on the more specific messages and recommendations outlined in each of the preceding papers. We hope these are of wider interest to future US assessment designers and participants and to the international assessment community. They focus on the key ingredients of assessments, including the process, the supporting institutional infrastructure and resource base, the scientific information and foundational data, as well as the people who carry out assessments. These reflections provide frank and detailed insights into the making of the NCA3. Clearly, many of its innovations were improvements over past approaches, building on the extensive national and international experience of its participants. But the NCA3 effort should be viewed as a benchmark and a learning experience to be further improved on in future assessments. The concluding paper points the way to further improvements and invites other assessment designers and leaders to share their experiences for collective learning.
Perhaps the most important message emanating from all the papers in this Special Issue, however, is the importance of not losing momentum in a national climate assessment process that is intended to be sustained, partly because climate risks are evolving so rapidly and partly because the concurrent information needs of users at all levels of government and beyond are also expanding over time. Our perspective is that ongoing assessment processes would be advisable elsewhere in the world as well, and thus it is important that this first Bexperiment^in building assessment capacity continues to make contributions to climate resilience both nationally and globally over time.
